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SUMMARY 

The artic/e opens ll'ith a brief di cu sion of the i111portance of the e sy tems in 

rai/wa; teleco11111111nication and their de1•e/op111e11t for 11se on electrified raihvays. 
Reference to the lll'O 111ai11 types of parry-line syste111s is fol/011•erl by an 

outline of the general requirements and operation vf the 'Control On/y' 
sy te111. The 'lnter-wa)station Cal/ing' syste111 and the co11stmctiu11 of 
the way tation telephone unit are then described. T/1e author indicates 
further industrial application nnd clo e ll'ith a description of the 

galranometer re/ay and pulse generator 

Woystotion telephone in use ot Edge Hi//, Liverpool 
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pART's�-LINE TELEPHONE SYSTEMS will con-

t11iuc lor somc dccadcs to bc a principal rcquircmcnt 
of railway tclccommunications in m:111y parts of thc 

world. These systcms are an cconomic neccssity sincc 

thc tclcphonc points of thc railway adrninistration, 

such as Stations and signal boxcs, ;1re strung out 
alongsidc the r:-iilway tracks, and thc cost or wiring 

each tclcphonc 10. 50 or 100 mi les back to thc ccntral 

switching o!lice would bc prohibitive. Thcre :irc, of 

(l")ursc, othcr ad\'antages in such systcms for railw<1y 
usc. one p:1rticular cxarnplc bcing that from any 

tckphonc point onc can cut into an cxisting c.111 on 

thc linc in an cmcrgcncy. 
Thc party-linc circuits used for rnnnccting sig11:1l boxcs 

and othcr tr:1flic rcporting points to thc associated tr:illic 
control arc considered to be the mosr. important tclc

communication circuits in railway scrvicc sincc they arc 

a direct link in the control of train rnovemcnts. On 
ckctrified railway systcms thcsc lines are also cmployed 
cxtensively for thc exchangc of mcss:.igcs between 

strategic;11 ly sp:iced track-side tclephones :rnd thc parent 

tr:1ction contr ol ollicc: such mcss;1gcs could bc for thc 

A telephone switchboard in use in Sandbach Signal Box 
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purposc of cffccting isobtion of a scc1ion of 1hc traction 

supply for maintcnancc work or during :1n cmcrgcncy. 
In addi1io11 Lo thc t rac k-sidc circuits, m;111y p;1rty Iincs 

a lso catcr for die commcrcial acLivitics of thc railway 

system, scrving such rlaccs as station olliccs, parccl and 
frcight tcrminals, and marshalling yards. 

A !arge numbcr of thcsc circuits at prcscnt cmploy 

codc-ring signals 11hcre all thc telcphone bells on a circuit 

ring for each call, ancJ c:.ich party has lo listen in c;1sc it is 
his codc. Whcn thc trallic on a p;1rty l1nc 1s hcavy thc 

frequent ringing or bcl l s <11 each tclcphonc becom<.:� 
e'\lrcrnciy disturbing, p;1rticulariy in a !arge 00lcC \\ ith 

scvcr;d different circuits. lt 1s dcsirablc, tht.:rcforc, to 

usc a systcm whcrc a telc phone bell rings only whcn th:1t 

particular p;1rty is rcquired: such a tclcrhonc syslcm is 

knO\rn ;1s ;1 Sclcclivc Ringing P:irly Linc. 

lt is cstimatcd that thcrc :1re ovcr 100 000 p;1rty-lin� 
tclcphoncs in thc scrvicc or ßrit1sh R;1i111ays :.ind this 

givcs somc indication of thc imporl:lncc of this type of 
circuit. Most of thc tcl-..:phoncs ;1rc, :is yct. on non

sclcctivc circuits but progr..:ss is bcing 111:1dc in thc· 

provision or sclccti1c ringing. 
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ELECTRIFIED RAILWAYS 
The dedsion to electrify British Railways with an 

overhead traction power supply of 25 000 volts 50 c/s 
single phase, introduced the problem of induction from 
the traclion system into the track-side telecommunication 
circuits. The continucd employmcnt of aerial routes for 
telephonc circuits was impracticable because of the 
induced voltages. Apart from the resultant noisy con
ditions on the spcech circuits, during traction faults the 

induced voltages could be dangerous to telephone users. 
The first requirement of any telecommunication net

work in an area electrified with such high traction volt
ages is to eliminate all overhead wires and to replace 
them by specially screened cable. The C.C.I.T.T. recom
mendation of maximum longitudinal induced voltages of 
60 volts r.m.s. under normal working conditions, and 
430 volts r.m.s. under fault conditions of traction feeds, 
was accepted by the British Railways. This necessitated, 
in addition to cable screening, the use of line sectionalising 
transformers in every pair of the track-side telephone 
cables. With the type of screened cable and traction 
system adopted, it was calculated that, to meet the 
specified limits, sectionalising transformers should be 
inserted in all lines exceeding approximately 15 miles. 

The decision to use sectionalising transformers had a 
profound effect on the telecommunication systems of 
the British Railways, since normal d.c. signalling was no 
longer permissible on such lines. 

Since most of the traffic control circuits extend for 
distances greater than 15 miles, existing party-line systems 
emp!oying d.c. signalling were obviously unsuitable. lt 
was to meet this situation that the A.T.E. Selective Party
line Telephone System, utilising a.c. signalling, was 
developed. The A.T.E. system has been approved by 
British Railways and a number of installations are now 
in service, in non-clcctrificd as well as electrified areas. 

TYPES OF PARTY LINE 
British Railways party lines are divided into two main 

groups: (a) Control Only and (b) Inter-waystation 

Calling. 
With • Control Only ', the Control Office can make 

a selective call to a party-line telephone, known as a 
' waystation ', but the waystation can only call the 
Control Office; however, the Controller can exlend the 
waystation call to any other party line, or to another 
waystation on the same line. 

' Inter-waystation Calling ' permits direct calling 

between parties. 

THE A.T.E. 'CONTROL ONLY' 
SELECTIVE SYSTEM 
General Requlrements 

The requirements of a Control Only party-Jine system 
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for high-voltage elcctrified areas are as follows: 
-To allow a Jarge number of telephones or way
stations to be connccted to one pair of wires. 
-To be capablc of signalling over cable (in electrified 
areas) and/or overhead wire (in non-electrified areas). 
-To function over lines with sectionalising trans
formers or loading coils. 
-Signalling equipment at each waystation to present 
a high shunt-impedance to speech to reduce losses in 
a long line. 
-The systcm to operate and b;:lls to ring, even when 
a number of telephone handsets, including that of the 
callcd waystation, are removed from the handset rest. 
-The power rcquirements at the waystation to be met 
by two small dry cells (3 volts). 
-The whole systcm to bc free from earth potential 
connections. 
-The system to function satisfactorily with induced 
longitudinal voltages of up to 60 volts r.m.s. normally 
or 430 volts r.m.s. under fault conditions. 
-To permit any waystation to interrupt an established 
call. 
-Simple waystation or Control Office calling pro
cedure, with ring-back tone indication from the called 
end that the bell is ringing. 
-The Control Office to be able to call pre-detcrmined 
groups of waystations simultaneously, for the trans
mission of general information. 
-The waystation bell to ring for a pcriod of approxi
mately 4 seconds, with operation of a loud-sounding 
bell if required. 
-The Control Office to be able to inter-connect 
circuits as required, with an operator recall facility 
available on these circuits. 
-The equipment to be compact and simple to install 
and maintain. 
-Any waystation to be capable of acting as a remotely 
controlled coupling unit to provide temporary connec
tion facilities to another remote party line as required. 
The A.T.E. System was developed to fulfil these 

requirements and some 3 500 waystation telephones, 
installed progressively since 1958, are giving reliable 
service on British Railways. 

System Operation 
The basic elements or the system are shown in Figure 1 

and the operation of the system is described in more 
detail below. 

Contra/ Office to Waystation Call 
The Control Officer seizes the required party line by 

opera�ing
. 
the as�ociated keyswitch on a keyboard, or by 

pluggmg mto a Jack on a plugboard, and ascertains bv 

listening whether or not the line is already in us�. 
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Flgure 1. • Contra/ Only ' scheme. Basic c/rcuit 

The line finder automatically connects a register and pulse 
generator to the party-line relay set and the waystation 

required is then selected by the Control Officer dialling 

a two-digit number. The register receives the dialled 

digits and causes the pulse generator to send pulses of 

50 c/s current at a rhythmic rate to the party line, via 

the register and the party-line relay set. 

Although the pulsed signal is fed to all waystations on 

that line, it will only be effective in triggering the ringing 

circuit at one particular waystation. The selective device 

at each waystation is an A.T.E. galvanometer relay, of 

which over a million have been used for various selective 

control purposes since its inception in 1939. 
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The principle of the galvanometcr rclay, which is 

described morc fully in thc Appendix, is that of a pivoted 
permancnt-magnet asscmbly which is arrangcd to have a 

specific pcriodicity of swing under thc control of a spiral 

spring. lf thc surrounding coil rcccivcs pulscs of currenl 

at this periodicity, the magnet asscmbly will bc causcd 

to build up in oscillation until a contact on the magnct 

asscmbly touchcs a fixed contact on the framc. The 

operation of thcse contacts triggcrs thc waystation 

ringing circuit. 

The galvanomcter relay can be adjustcd to any onc of 

24 different oscillation ratcs, thus catcring for 24 way

station selcctions. The oscillation ratcs vary from 1 per 

second to about 11 per sccond and thc operating pulscs 

are sent at thcse rates with a 50/50 on/off ratio. A rclay 

will operate in about three to four seconds and will makc 

scveral swing contacts during thc signal transmission. 

The relays at non-selected waystations will attempt to 
swing but will be damped down by thc out-of-rhythm 

pulses. 

Reverting to the operation of the waystation circuit 

(Figure 2), thc galvanometer relay GA is conncctcd across 

the line in series with a rectifier and a cold cathodc tube T. 

The rectifier ensures the passage of the uni-directional 

current required by the magnet-dcftecting galvanomcter 

coil, while the cold cathode tube presents a high shunt

irnpedance circuit to low voltages, such as during spccch. 

The signal current frequency was chosen at 50 c/s so 

that the rnains supply could bc used as the frequcncy 

source. This current is amplitude modulatcd at thc 
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Control Office by the rhythm to be signalled, in a 50% 
high, 50% low voltage sequence. The voltages are lOOV 
r.m.s. (or higher) and 40V r.m.s. respectively. 

At the waystation, the cold cathode tube strikes at 

about 50V r.m.s., therefore only accepts the high voltage 

pulses. If the galvo relay adjustment coincides with the 

pulsed signal rhythrn, the relay will build up in oscillation 
and operate its contacts GAl. 

Apart from energising the galvo relay, the pulsed signal 
current charges capacitor Cl and when galvo contacts 
GAI close. relay D will operate to the discharge and will 

hold for the duration of the pulsing, via contacts D 1. 
Contacts D2 complete the bell circuit and when the bell 

rings, ring-back tone is induced into the line via the 
induction coil, contacts 04, and capacitor C3. 

The galvo relay contacts GAI close after about 4 
seconds but the signal is transmitted for about 6 seconds. 
By reason of relay D holding to capacitor Cl, the bell 
circuit is maintained for a total of about 4 seconds. 
At the Control Office, when the signal cycle is completed, 
the line is disconnected from the pulsing-out circuit and 
re-connected to the operator's telephone and he hears 
about two seconds of the ring-back tone. 

Waystation to Contra/ Office Call 
. The waystation caller lifts the handset and checks if 

the line is free, then presses the call button SA for about 
a second. This button energises the transistorised oscil
lator O and induces a voice-frequency tone into the line; 
at the Control Office the tone operates a v.f. receiver 

which has been made voice immune by means of filters 
and a time-delay arrangement. When the receiver 
operates, the waystation caller hears an interrupted ring

back tone, which is disconnected when the Control 
Officer connects bis telephone to the calling line. 

A waystation caller may signal for the Control Officer 

whether or not the line is already engaged. 

Conference Call 
By fitting an additional galvanometer relay at all or at a 

selected number of waystations on a party line, with these 

relays all adjusted to a common periodicity or rhythm, 

then the Control Office has the facility of calling all such 

waystations simultaneously. This is useful when general 
or emergency instructions have to be passed on quickly. 

Portable Waystation 
A portable waystation unit is available for use by 

working parties, and enables contact to be maintained 

between such parties and the Control Office from any 

point on a party line. The selective signal for the port

able telephone is one pulse of approximately 10 seconds 

duration; this pulse charges a capacitor in a delay circuit 

with a cold cathode tube which eventually strikes to 

operate a relay and ring the bell. As the normal selective 
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PULSE 

---�----r---t-PPU PC2 

POLARITY 

CHANGE-OVER 

Fi ure 3. Waystation galvanometer circuits 
_
arranged

_ 
to 

afcept same rhythm but with signal polanty select1on 

signal cycle is 6 seconds with 50/50 on/off r�ti?,
. 

giving 

an effective pulse period of only 3 seconds,
_ 
th�s is i�su�

cient to trigger the portable telephone rmgmg c
_
1rcuit. 

The portable unit user calls the Control Office m the 

normal waystation manner. 
. The unit is designed to withstand the rough usage it 

is liable to receive by nature of its purpose. lt is supplied 

in a meta! case complete with a shoulder carrying strap. 

D.C. Signalling where permissible 
Where line conditions permit, d.c. signalling may be 

used, and in such systems, lower signalling voltages are 
permissible, the circuitry is simplified, and the number 

of waystations per party line may be increased to 48. 

The selectivity increase is achieved by using the 24 

standard pulse rates and the corresponding galvanometer 
relays, but with the selective signal current applied with 

either normal or reversed direction of polarity. 

Figure 3 illustrates the method of reversing the polarity 

of the d.c. signal currents to the line and of using similarly

adjusted galvanometer relays connected to the line via 

rectifiers so that selectivity is still possible between the 

two waystations. 

When the signal voltage is rhythmically pulsed by the 

contact PU, the galvanometer relay at the waystation 

No. 1 is energised and there may be 24 different rhythms 

on this same polarity. When relay PC operates, contacts 

PCI and PC2 reverse the signal polarity so that the 

galvanometer relay on the waystation No. 2 responds 

and again there may be connected 24 rhythms on this 

reversed polarity, making a total of 48 selections for the 

line. 

When d.c. signalling is permissible, the waystation to 

Control Office call signal may be in the form of a loop or 

a potential in place of the voice-frequency tone required 

on a.c. signalling systems. 
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Ftgure 4. Waystation and Contro/ office dialling arrangement, on d.c. /ines 

CONTROL OFFICE 

TO 

SWITCHBOARD 

INTER-WAYSTATION CALLING The telephone instrument circuit is of thc local battcry 
On D.C. Signalling Lines type as this is preferable on a party-line system to providc 

On Control Only circuits, the Control Office selectively a good level of transmission should several telephones 
calls the waystations but waystations cannot call each be in use simultaneously. 
other except by enlisting the aid of the operator at the If the dialled number denotes a waystation, thc pulse-
Control Office. A development of the basic A.T.E. generator at the Control Office transmits a selective 
system enables waystations to dial each other or the signal to the party line to call the required waystation 
Control Office, and even to be accessible by dialling from in the manner previously described. The caller hears thc 
an automatic exchange extension. selective signal being transmitted and receives ring-back 

The system caters for up to 48 waystation telephones tone from the called waystation bell. Referring to Figure 
per party-line, although the usual number is about 15 4, the dial off-normal contacts DON 1 close when the 
as this number is considered to offer sufficient traffic to dial is rotated, and the L relay at the Control Office 

keep the circuit fully occupied. operates. When the dial is releascd the dial pulsing 
The waystation telephone is fitted with a normal dial contacts pulse relay L which operates a digit-pulse 

to send loop-disconnect pulses to the Control Office counting mechanism and thus controls thc selectivc 

where the pulses are registered. The calling procedure signal pulsing-out circuit. 
follows standard telephone practice-remove handset If the dialled number (usually a single digit) denotes the 
and dial the required number-but there is no dial tone. Control Office, a call signal is given at the switchboard 
Flgure 5. D.C. dialling on a.c. system with sectiona/ising transformers 

I 
PARTY LINE 

A.C. 

SELECTIVE 
PULSING 

CONTROL OFFICE 

TO 

SWITCHBOARD 

13 



Figure 6. Waystation telephone units. (Le(t) combined unit with handset and two calling buttons 
(Right) unit without handset and showing equipment chassis 

�tnd the operator may receive or extend the call as 

rcquin:d. Thc c<i 11 may be cxtended on to another party 

lin<.: or cvcn on to a private automatic exchangc cxtension. 

Oial J i ng a t the switchboard controls the party-linc pulsing

out circuit \ia relay 1. The p .a. x. may also obtain access 

10 a "aystation by direct dialling. 

As on all railway party-linc systems, any party may 

cnt<.:r thc circuit and join in thc conversation, or, if 

necessary, call in other partics by dialling, without 

neccssitating the clearing of thc linc for this purposc. 

On A.C. Signalling Lines 
Th<.: d.c. J nter-waystation systcm has bccn adaptcd for 

u�e on lincs fitted with scctionaliscd transformcrs, by 

ins<.:rting rcpcatcr units at thc transformcrs to pass on thc 

dialk:d pulscs (sce Figure 5) and using a.c. sclcctivc 
�ignals as on thc Control Only schcmc. 

Thc pow<.:r supply at the repcater unit may bc of low 

voltcigc, for <.:xamplc, J 2 or 24 volts anct consist of a 

battc:ry of dry Lcclanchc cclls. The load on thc rcpcatcr 
uni! battcry is vcry small and as it is conncctcd for lcss 
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than 2 seconds per call, the life of the b;ittcry is \ irtu�illy 
its shelf life. 

On receipt of the relayed dial pulscs, thc Control Office 
pulse generator transmits the a.c . selective signal in thc 
normal manner. 

A development proposed on this system is to employ 

local transistorised oscillators to transmit a.c. pulses 

undcr thc control of the dial, and thus obviate the 

ncccssity of fitting dial repeatcr units at thc sectio1ulising 

transformer points. 

CONSTRUCTION OF WAYSTATION 
TELEPHONE UN/T 

Thc waystation unit ( Figurc 6) in common usc by thc 

British Railways combines thc tclephonc instrurncnt �tnJ 
thc selcctivc unit, and is suitablc for \\all mountinl!. Thc 

casc is of glass-tibre construction, as this material is c\

trcmcly robust and rcquircs no painting or maint�·11a1K�'. 

A rubbcr gaskct is tlttcd around thc casc lip aml the lid 

carries instruction labcls and push-hutlons for ��1lli11g 

thc Control Ollice. When rckascd at thc fasti.:ncr. th�· 

lid can be lowercd and it is thcn hcld by lhl: rnlkr tir.id.�·h 
to act as a shclf or tray. All the cquipmi.:nt is nwu1fü·d l'll 



a chassis and is connected to thc line terminating block 

by plug and socket, nnd an extensible cord. The unit 

can thus be casily and quickly rcmovcd for maintcnancc 
chccks, adjustments or replacemcnts. An cxtcnsion cord 

with plug and socket cnablcs thc unit to bc cxtcndcd to 

a more convenicnt position for chccking undcr working 
conditions should thc tclcphonc be inacccssiblc for close 

inspection. 
Wherc conventional desk or wall type telephones arc 

rcquired, thc selectivc unit is houscd scparatcly in thc 

glass-fibre box which is now, of course, less handsct and 
bell. Frequently it is necessary to install a sclcct ivc 
waystation point as one of a number of lines on a 

switchboard, in which case the sclcctive equipment 
would be mounted in the glass-fibre box, or it could bc 

assembled on a conventional rclay base. 

APPLICATIONS FOR THE 
A . T. E. PARTY-LINE SYSTEMS 

The systems describcd havc all becn developed specifi

cally for the British Railways, but are obviously appl icablc 
to railway systems gencrally and in other cases where the 

tclephone points arc strung out over a long line. Oil 

pipe lines, canals. tunnels, etc. are examples of possible 
cases where selectivc ringing party lines could be used 

to advantage. 
In addition to thc telcphone use, the select ive feature 

could be used ovcr thc samc lines for the remote control 
ofswitches, valves, etc. in a simple and economic manner. 

APPENDIX 

The Galvanometer Relay 
The relay, shown in Figure 7, has an armature 

consisting oftwin permanent bar magncts fixed on a steel 

spindle which is pivotcd at both ends and mounted in 
spring-loaded jewelled bearings. Thc magnets arc 
mounted in pairs to form an astatic combination which 
is not affected by the earth's field. The arrnature is held 

in its normal position by a spiral spring and if the 

armature is deflected it will have a natural periodicity 
of swing under the contro l of the spring. 24 different 

periodicities have been adopted and these are obtained 

by choice of spiral spring and rnagnct size. A finc adjust

ment to the chosen pcriodicity is obtained by the setting 
of the movable ridcr weights on one of thc magnets. Thc 

rate of swing varies from l per sccond to about 11 per 

second. It is worth noting that thc spacing of thc 

periodicity values had to be very carefully plotted to 

avoid any one being a harmonic of another . 

D.C. energisation of thc relay coils will cause the 

magnet assembly to be deftected a few dcgrees. When 
the energisation is removed the magncts will swing back, 
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Figure 7. The galvanometer relay 

thcn oscillate al thcir natural frcqucncy . ff. now, pulses 

of d.c. are applied to the coi ls and thesc pulscs co inc id c 

with thc 'rhythm ' of thc magnct asscmbly. dcncct ion 

will build up until, in 2 to 4 seconds. thc contact ;1rm on 

the moving assembly touches a flxed contact on thc rclay 

frarne; and it is this contacting that causcs triggcring 
of the selection circuit-bell, switc h control. etc. Pulses 

out of step with the magnet rhythm will causc slight 

movement of the magnct asscmbly bul \\Ould not 

cause a deflection sufficienl for contacting. 

The pulses fed to the galvanomekr rclay an: of 50 50 

on/off ratio and are maintaincd w ithin closc limits of 

the specified periodicity. The voltage lcvcl of thc signal. 

however, is not very critiC'.11-a variation of at least 2 

to 1 can be tolerated, thus allowing a !arge margin of 

voltage variation on a line . Exccssivc voltagcs could, of 

course, cause rhythm brcakthrough but \\hilc signal 

voltage limiting can bc providcd in ccrtain cascs, on 

party-line circuits sufficiently closc voltagc control is 

obtained without such provision. 
Thc relay scnsitivity is 0'4V and as thc coil n:sistam:c 

is 1 250 ohms, the power requircd is only O· l 3mW. 

Despite the sensitivity of thc rclay . it is a simple. robust 
device, and with only onc jcwel-pivoted moving part 
its maintcnance requiremcnts are a mm11num. 

The Pulse Generator 
Thc pulse generator consists of an asscm bly of �4 

galvanomcter relays, togcthcr with six stamlard telcphonc

rclays , mountcd on u jack-in base and filted with rhythm
checking acccss facilitics. 

Thc circuit arrangcmcnt is such tha t a sclccted galva
nomctcr rclay intcracts with the pulsing-out rday at thc 
rhythm of thc selectcd galvunomctcr reluy, to send thc 

signul pulses to the linc. 
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